Long-lasting single-neuron labeling by in vivo electroporation without microscopic guidance.
In order to make a direct link between the morphological and functional study of the nervous system, we established an experimental protocol for labeling individual neurons persistently without microscopic guidance by injecting a plasmid encoding fluorescent protein electroporatively after recording their activity extracellularly. Using a glass pipette filled with electrolyte solution containing a plasmid encoding green fluorescent protein (GFP), single-neuron recording and electroporation were performed on anesthetized rats. When performing the electroporation at the completion of recording, the degree of contact between the target neuron and the electrode tip was adjusted by monitoring the change of the trace of recorded action potentials and the increase of electrode resistance. The expression of GFP and its immunostaining with a polyclonal antibody enabled us to clearly see the basic structural components such as cell bodies, axons, dendrites, and even smaller components such as spines. Identification of the morphological subtypes of neurons was possible with every labeled neuron. The optimum condition for labeling was a 30% increase of the electrode resistance, and the labeling success rate evaluated 3 days after labeling was 40%. The rate evaluated one month after labeling was only slightly lower (33%). We also confirmed experimentally that this recording and labeling procedure can be similarly successful in head-fixed behaving rats. This new experimental protocol will be a breakthrough in systems neuroscience because it makes a direct link between the morphology and behavior-related activity of single neurons.